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Objectives 
Studies of the human carotid bifurcation indicate that atherosclerotic plaques form 
preferentially in regions of low and oscillatory shear stress. The proposed research is 
designed to define the hemodynamic determinants of plaque in the human abdominal aorta. 
Specific Aims for next year of support 
In the first year of this grant, we defined the average anatomy of the abdominal aorta 
and constructed a laboratory flow system. We have collected data as to the steady flow 
characteristics of flow in this model. In the second year, we will explore the pulsatile 
hemodynamic environment of the abdominal aorta using dynamic flow visualization techniques 
of dye injection and particle tracking. We will explore the importance of variations in 
geometry, branch flow division, and pulsatile waveform. 
Experimental Design and Methods 
Although it is our objective to provide a detailed flaw description of hemodynamics in 
the abdominal aorta, selectivity is clearly required lest the number of measurements prove 
monumentally prohibitive. 
We have constructed three models of the abdominal aorta including the branches to the 
celiac, superior and inferior mesenteric, renals, and iliac arteries. These models are 
based on the average dimensions from 55 biplanar aortograms of human subjects. A standard 
average model was constructed as well as two variations incorporating different branch 
angles and radius of curvature. These models will be used to identify the relative effects 
of these anatomic variations on the detailed hemodynamics in the aorta. 
Due to changes in peripheral resistance, digestive requirements, and renal blood flow, 
the physiologic range of aortic branch flow divisions will be modelled. Three conditions 
will be consistently explored: rest, postprandial state, and exercise. The absolute 
pressure and pressure gradients in the test section will be measured using absolute and 
differential pressure transducers. From these measurements, the peripheral impedances can 
be calculated and controlled. 
Ensemble averaged flow pulse waveforms will be used to drive the pulsatile flow in the 
thoracic aorta. Changes in pulse rate primarily affect the duration of diastole and hence 
the length of time for which flow is quasi-steady. A series of experiments will be 
performed in which the pulse rate in the standard bifurcation model is doubled, primarily by 
the sacrifice of diastolic time, in order to determine whether significant flow field 
changes occur. 
During each cycle the abdominal aorta waveform frequently contains a period of 
!negative flow which tends to heighten with inactivity and increased digestive requirements. 
We plan to study localized hemodynamic patterns under a range of physiological waveforms, 
using a range of deceleration slopes similar to those described for our previous the carotid 
studies. 
The working fluid is a mixture of water and glycerin adjusted to yield an absolute 
viscosity of 0.035 g/cm/sec. The fluid is pumped from an upstream tank through an 
electronically controlled, shaker valve/pulsatile pump into a straight tube 3 meters long. 
The input waveform is stored digitally on a programmable-read-only-memory (PROM) chip and 
may be easily altered to study the effect of flow waveform shape on modelled arterial 
hemodynamics. The mean Reynolds number for the thoracic aorta input is 500. 
Flow visualization will be performed in one of three glass blown models of the 
abdominal aorta to establish a heuristic sense of the flow patterns as well as to identify , 
regions of particular interest. Flow visualization is achieved by observing and 
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photographing hydrogen bubbles or colored dye injections in the flow Hydrogen bubbles are 
generated by applying a current of 0.5 ramp through a 0.0015 inch (0.038 mm) diameter 
stainless steel wire which is oriented in the plane of the bifurcation. Still photographs 
are taken sequentially using Kodak 2475 recording film or Ektachrome 160 slide film with a 
Canon AT-1 35 min camera with a 55 nm macro lens. Movies are made with a JVC Model 555 Super 
VHS camcorder. The test section is illuminated from above and below by two quartz halogen 
spotlights. 
go substantive changes have been made since the original grant: proposal. 
Progress report for current budget year 
Carotid atherosclerosis develops in regions of low and oscillatory shear stresses. 
Similar hemodynamic factors may influence plaque formation in the abdominal aorta. The 
abdominal aorta is an important site of clinical atherosclerosis and is complex in that, not 
Dnly is the hemodynamic behavior complicated due to the presence of several branches and a 
gide range of flow rates but, this vessel segment has two differing responses to disease: 
Dcclusive plaque formation and development of aneurysms. We are engaged in a study of the 
lemodynamics and lesion distribution of the abdominal aorta using flow models and 
norphometric evaluation of human specimens. 
We have constructed a glass blown model of the abdominal aorta, including celiac 
superior and inferior mesenteric, renal and iliac branches, based on 55 biplanar angiograms 
Erom person ranging from 27-88 years. Forty-two parameters were measured from these 
angiograms including lengths, branch angles, diameters and radii of curvature. As an 
independent check, ten pressure - perfusion fixed cadaver specimens were obtained and 
analyzed for equivalent dimensions. Different physiologic states - such as rest, exercise, 
iigestion - strongly influence the flow and flow divisions in this region. Mean values were 
estimated from data in the literature for rest and for exercise. 
Under rest conditions, two regions of relative stagnation appeared on the posterior 
vall of the aorta. Secondary flow patterns appeared in the abdominal aorta, but not in the 
:horacic aorta. Under exercise conditions, one thin stagnation region appeared and no 
secondary flow patterns were visible. With pulsatile flow, the stagnation regions exhibited 
)scillatory motion. The secondary flow patterns became more complicated, but still appeared 
mlly in the abdominal aorta. 	These vortices propagated downstream during systole, with 
additional vortices forming in early diastole. 	For pulsatile exercise flow conditions, 
rirtually no secondary flow patterns appeared. Results from this experiment show that 
:omplicated flow patterns exist locally in the abdominal aorta which may influence the 
levelopment of plaque at this site. 
This work has been presented at the Annual Conference in Medicine and Biology, 1987, 
:he Winter AnnUal Meeting of the American Society of Mechanical Engineers, 1987, and is to 
xa presented at the Annual Meeting of the International Society for Cardiovascular Surgery, 
.988 and the World Congress on Bioengineering, 1988. A Master of Science thesis on this 
:opic is available for inspection as is a manuscript entitled "Flow Patterns in the 
abdominal Aorta under Simulated Postprandial and Exercise Conditions" is being prepared for 
:he Journal of Vascular Surgery. 
